Introduction
Gestational diabetes mellitus (GDM) is defined as glucose intolerance with onset or first recognition during pregnancy. 1 Worldwide, it affects about 17% of pregnancies according to the International Association of Diabetes and Pregnancy Study Groups criteria, but its incidence can substantially vary depending on maternal risk factors. [2] [3] [4] In Mexico, several studies from the last 30 years reported an increasing GDM incidence ranging from 4% to over 30%. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Nevertheless, the comparison of their findings is not straightforward as the diagnoses in these studies were based on different screening protocols (e.g., type of test), diagnostic criteria (e.g., American Diabetes 106 Dainelli et al Association, 18 O'Sullivan and Mahan; 19 IADSPG 20 ) , and subpopulations (e.g., at risk or not). On the other hand, the current evidence coming from two big national surveys, the Encuesta Nacional de la Dinámica Demográfica (ENA-DID) 21 and the Encuesta Nacional de Salud y Nutrición (ENSANUT), 22 and a cohort study, ESMaestras, 23 stated a GDM incidence equal to 1.9%-2.3%, 2.22%-9.20%, and 1.13%-1.61%, respectively, but these data are self-reported by the mothers and are retrospective. Therefore, while they can be seen as reliable when it comes to the delivery outcomes (e.g., vaginal or cesarean), this is less the case for a correct GDM screening and diagnosis, meaning that the real GDM incidence is likely to be underreported. In addition, maternal prepregnancy overweight/obesity and hypertension are important risk factors for gestational diabetes. 24 Last international official estimates stated that in Mexico, these rates are higher in the north than in the south 25 and have been constantly increasing over the years, in women more than in men. 22, 26, 27 According to ENSANUT, 22 among women 15-49 years old, just before pregnancy 1 out of 3 women had a systolic blood pressure >120 and 3% had >140, more than 1 in 10 were ≥35 years old, around 35% were overweight, and 31% were obese (Table 1) .
These data are not consistent with the incidence of GDM if compared to other countries. In Italy, for example, where the overweight and obesity rate is 45.9% 28 the GDM incidence is 10.9%, 29 while in China, where this rate is 48.5%, 30 and the GDM incidence is 17.5%. 31 Therefore, since in Mexico the overweight and obesity rate reaches 72.5%, 32 we would have expected the GDM incidence to be around 20%-25%, substantially higher than what has been reported in the national surveys and the teachers cohort study.
In addition, neither in the literature nor in the national surveys, information is available on the items driving the cost of GDM management up, such as the treatment approach (e.g., diet and exercise), the medications prescribed (e.g., insulin), the prenatal exams recommended, and the specific health care provider interacting with pregnant women (e.g., doctors) in case of a positive GDM diagnosis. The only available information supports that in >90% of cases, a physician will monitor the pregnancy and take care of the birth independent from the GDM diagnosis [21] [22] [23] and from the health care institutions he/she works for.
The Mexican health care system is currently based on three main public health care institutions: the Ministry of Health (SSA), the Mexican Institute of Social Security (IMSS), and the Institute of Security and Social Services for State Workers (ISSSTE), which respectively insure those who do not have an official employment and employees of the private and public sectors. Each health care institution is further organized into three levels (first, second, or third) of health care (nivel de atención). In the first level, basic health services are provided. Whenever a patient requires diagnostic procedures, therapeutic treatments, and rehabilitation, he/she will be sent to the second level, consisting in the general, regional, pediatric, and maternal-infantile hospitals. The third level is a network of highly specialized hospitals with advanced technology, where complex diseases of low prevalence and/or of high risk are treated. Each doctor practicing in Mexico works in one of the three levels for one public health institution and/or in the private sector and will then be subject to their specific tariffs, constrains, and regulation, but little is known on how this affects the health care service provided.
To better understand common management practices of GDM in the three main health care institutions of Mexico and to strengthen the hypothesis of an underestimated prevalence, we performed a multicity survey involving 357 practitioners working in four Mexican urban areas.
As participation was voluntary, anonymous, and nonremunerated and because sensitive personal data were not collected or provided at any point during the survey, this study was exempt from the need for approval by an institutional review board. Moreover, in accordance with the Mexican regulations of the general health law regarding health research, the use of survey is considered as risk-free research and does not require written informed consent. The cross-sectional survey took place in Mexico City, Guadalajara, Monterrey, and Merida, as these cities are the most populated metropolitan zones in the central, west, north, and southeast regions respectively, and one out of four Mexican residents lives in one of these. 35 The physicians involved in the survey were main health care providers in charge of caring for pregnant women in Mexico. The inclusion criteria in the study were that doctors were working in the aforementioned cities and attending women with GDM in their practice. All the physicians were asked about their practices regarding the GDM screening and management, as well as the percentage of women with GDM they care for. Some answers were digital and others were paper based, but in both cases the survey was exactly the same. Doctors in ISSSTE and SSA filled the questionnaires by themselves on the tablet of the medical delegate conducting the survey. Whenever a question was not clear, they had the possibility to ask him/her for more details. Completed questionnaires were collected at the end of each meeting. In IMSS buildings, it is not allowed to conduct external surveys. Therefore, doctors fulfilling the recruiting criteria were given paper-based questionnaires through the directors of the area, who received prior training from the medical delegate in order to be able to solve eventual doubts. Completed questionnaires were returned few days later. Answers were then imported to a database using the software "SalesForce".
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Data analysis
We estimated the reported GDM incidence asking doctors the percentage of GDM cases attended in their practice over the total. We also investigated on the type of GDM screening tests more frequently used, the possible treatments available, the eventual medications prescribed if required, the medical staff involved in the measurement of levels of glycemia, the type of prenatal screening tests to verify the healthy growth of the fetus, and the doses of insulin that, on average, maintain pregnant women under controlled glycemic levels.
A quality assurance procedure was undertaken to guarantee that the data were accurately captured. Then statistical analyses were performed using Stata 13 (StataCorp. 2013. Stata Statistical Software: Release 13; StataCorp LP, College Station, TX, USA). We ran beta, logistic, Poisson, and multinomial regression models to estimate the adjusted outcome variables and test the statistical differences, choosing each time the distribution which better fitted the nature of our data. To analyze the difference in the clinician-reported proportion of GDM by city and location, for example, we followed the approach of Ferrari and Cribari-Neto. 36 The data reported were between 0 and 1, and the most adequate distribution was the beta distribution as its predictions are confined to the same range, in contrast to linear models where predictions could fall out of the realistic range of probabilities.
For the qualitative variables, such as GDM screening tests prescribed, we used multinomial logistic models, 37 as the physicians reported a single choice among the four choices listed. The multinomial logistic models fit when the dependent variable takes on more than two outcomes and the outcomes have no natural ordering.
We ran logistic regressions in case of dichotomous variables, such as the type of prenatal screening tests done, whereas to estimate the number of hours spent to educate pregnant women on how to measure glycemia and manage medication, we used a Poisson regression. 38 Poisson regression fits models on the number of occurrences of an event. The incidence rate is the rate at which events occur, and it can be multiplied by exposure to obtain the expected number of observed events. The comparison of rate is done calculating incidence-rate ratios.
Finally, we used the predictive values model to estimate the adjusted mean value of the GDM clinician-reported proportion by city and health care institution and the deltamethod approximation for its confidence interval. 39, 40 All the p-values used for statistical significance are indicated by one to three stars next to the estimated coefficients (***p<0.01, **p<0.05, *p<0.1). In the text, if not specified otherwise, we considered statistical significance at p<0.05. 
Results
Among
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Dainelli et al English), below a medical delegate who was in maternity leave at the time of the survey. Since people conducting external surveys are not allowed to enter the IMSS building, as explained above, it was not possible to ensure that doctors answered 100% of the questions in the form.
Almost half of the sample worked in the third (48.2%) or in the second (43.3%) level of health care and only a few (6.8%) in the first. As far as their specialization is concerned, 84% were obstetricians/gynecologists, 5.9% general practitioners, 4.6% maternal-fetal experts, 1.30% gynecologistsendocrinologists, 0.98% endocrinologists, 0.33% internists, while 2.61% did not specify it.
GDM clinician-reported proportion
The total predicted GDM clinician-reported proportion was 23.7% (Table 2) . Differences among institutions (lowest SSA 20.9%; highest IMSS 27.4%) were smaller compared with those among cities (lowest Merida 17.9%; highest Monterrey 29.6%).When looking at the locations and taking Mexico City as a reference, we observed a statistically significant difference with Monterrey and Guadalajara but not with Merida; while when looking at the health care institutions and taking the IMSS as a reference, only the difference with SSA was statistically significant.
GDM screening test
The current guidelines 41 list the possible screening methods but they do not specifically recommend any of those. In our survey, the four proposed GDM screening tests were the Oral Glucose Tolerance Test (OGTT) with either 75 g (OGTT 75 g) or 100 g (OGTT 100 g) of glucose, and taking place at once (one step protocol) or being preceded by a 50 g glucose load (two steps protocol). The OGTT 75 g one step was reported in 46.6% of cases, the OGTT 75 g two steps in 23.9%, while the OGTT 100 g in one or two steps were respectively reported in 14.4% and 15.1% of cases.
The comparison of the OGTT 75 g one step with the other tests among cities, taking Mexico City as a reference, showed statistically significant differences with Monterrey and Guadalajara, less with Merida. The comparison of the OGTT 75 g one step with the other tests among health care institutions, taking IMSS as a reference showed statistically significant differences for the OGTT 75 g two steps with ISSSTE and SSA, and for the OGTT 100 g one step with SSA (Table 3) .
GDM treatment and medication
According to clinicians' opinion, an average of 40.6% of GDM cases are managed with diet and exercises only, while in the other 60% some form of medication, either insulin, oral hypoglycemic agents (OHA), or both, is added. The proposed options for medication were "insulin", "OHA", "two or more", and "other", to give doctors the possibility to express the eventual use of a different medication if this was the case. OHA (e.g., metformin) resulted to be by far the most common medication: more than 63.0% of total cases treated with medications, indeed, relied on OHA alone. Insulin alone was used in 22.0% of cases and the combination of insulin and OHA in 13.0% of cases. Only 2.0% of doctors declared to use a different medication but they did not specify which one.
While there were no big differences at institutions level (Figure 1 ), we found some differences when controlling per city ( Figure 2 ): in Mexico City they rely for a quarter on a combination of OHA and insulin, while in Merida it is either one or the other; in Monterrey <10% of cases are treated with insulin, while in Guadalajara this proportion is three times higher. However, when comparing the OHA to the other medications, we did not find any statistical significant difference but the one between Monterrey and Mexico City (Table 4) .
Medical staff
Doctors were asked who are the professional figures educating women on how to measure glycemia and use medications. The options proposed were "doctor", "nurse", "other", and "unskilled assistant". According to the great majority of answers, these are nurses and doctors (Table 5 ). In Mexico City and Guadalajara the proportion between doctors and nurse is about 50%, meaning that women have the same 
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Screening and management of GDM in Mexico probability of being trained by one of the two. On the contrary, in Monterrey and Merida we found remarkable differences: in Monterrey 64.8% of women are trained by a doctor and 32.8% by a nurse, while in Merida, only 19.6% of women are trained by a doctor and in 77.6% of cases this responsibility falls on nurses, and this difference is statistically significant when compared to Mexico City. Similarly, when controlling for health care institution, in the IMSS they rely more on doctors (65.4% of cases) than on nurses for this task, while in both ISSSTE and SSA the situation is reverse, but this difference is significant only for the ISSSTE (Table 5) . Finally, the time spent for this education session is about 2-3 hours, and it does not remarkably change with the city or the health care institution, even when the differences are significant (Table 6 ).
Prenatal tests
Since no information is available on which type of prenatal tests women undertake, we asked doctors which test they recommend at least once during pregnancy. The four proposed options were "no stress", "Doppler ultrasound", "biophysical profile", and "other". According to the guidelines, 41 all pregnant women with GDM have to have a no stress test per week since the 32nd week until delivery, to monitor how the fetal heart rate responds to the baby's movements. ultrasound is normally performed on pregnant women with GDM if they suffer from other specific conditions at the same time (e.g., arterial hypertension and nephropathy), while the biophysical profile is required at week 32 of pregnancy only if the doctor suspects about the fetal health.
In our survey, doctors generally prescribed the no stress test to 70% of women, the Doppler ultrasound to 60%, and the biophysical profile to 45%, with some differences when controlling per city and health care institution (Table 7) . In Guadalajara, for example, all tests were less common than in Mexico City and Monterrey, while in Merida the Doppler ultrasound was considerably less common than in the other cities. When looking at the health care institutions, some significant differences have been found between IMSS and SSA, but not between IMSS and ISSSTE.
When asked how many times respondents prescribed these prenatal tests within the whole pregnancy, doctors answered on average 5.9 times for the stress test, 1.4 times for the biophysical profile, and twice for the Doppler ultrasound (Table 8 ). All tests were on average more common for women covered by ISSSTE more than other health care institutions, as expected. 
Dose of insulin
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Screening and management of GDM in Mexico insulin is 0.2 units/kg every day. According to the survey results, the proportion of patients the clinician perceived to be able to keep this dose during the whole pregnancy without increasing it was 37.5%, more exactly 46.2% in Mexico City, 32.2% in Guadalajara, and 28.5% in Monterrey (Table 9 ). These numbers reflect the differences in treatment paths: the more frequent was the use of insulin, or a combination of it, as the first treatment (about 50% of cases in Mexico City, 30% in Guadalajara, and 10% in Monterrey), the more likely to stick to the initial dose during the whole pregnancy, with the exception of Merida, where even if about 30% of cases are treated with insulin as the first treatment, only 26.4% of women could keep the initial dose during the whole pregnancy.
On the other hand, no major differences were found in the answers from the health care institutions, as there were no big differences in the treatment prescribed at first (OHA, insulin, or both), consistent with the fact that internal recommendations by health care institution do not exist and treatments are chosen according to doctor's preferences. However, SSA has more restrictions than IMSS and ISSSTE in the prescription of medicines and this explains why, when asked about the eventual prescription of an additional insulin dose, doctors from both IMSS and ISSSTE were more likely to increase the dose of NPH than the doctors from SSA. Overall, the average additional doses prescribed were about 2.9 units/ kg for the rapid acting insulin and 5.9 units/kg for the NPH.
Discussion
To our knowledge, this is the first study aiming to identify the most common practices implemented for the GDM screening and treatment in Mexico. The GDM clinicianreported proportion of 23.7% is consistent with what could have been predicted considering the elevated frequency of risk factors in Mexico, and in line with previous publications in this population showing incidences of 17.2% 10 and 10.3% 15 with the ADA 2004 criteria, 18 and of 30.1% 15 with the IADSPG criteria. 20 Regional differences in the GDM clinician-reported proportion were expected (lowest Merida 17.6%; highest Monterrey 29.6%) and are consistent with the representative data on the epidemiology of the obesity in the country, reporting a higher incidence of obesity in the north (37.2%) than in the south (31.6%), with Mexico city (33.9%) and the center of the country (30.3%) being midway. 25 This is further supported by the SSA data reporting the lowest GDM clinician-reported proportion (20.9%) in line with the lowest prevalence of obesity (42%) compared with IMSS (48.8%) and ISSSTE (54.9%). 22 However, in our results, the GDM 20 and protocols implemented in countries such as Italy and China. 42, 43 Interestingly, a major difference against Italy and China is that in Mexico GDM mothers seem to more directly use a pharmacological approach rather than a staged approach. In Italy and China, the success rate of nonpharmacological treatment is higher than in Mexico, and diagnosed GDM mothers will be treated only with insulin. [44] [45] [46] In our sample, data indicate that the use of OHA was preferred to insulin, even if according to Mexican guidelines insulin should be first choice of treatment and metformin and glyburide could be used only as second alternatives. 36 This happened, regardless of existing controversy on the use of OHA during pregnancy, for example UK (The National Institute for Health and Care Excellence [NICE] , guidelines 2008 and 2015) stating that insulin and metformin are both effective for glycemic control, 47 while the American Diabetes Association recommends the use of insulin as the first line of pharmacologic treatment. 48 It is reassuring that in a study from 2008 taking place in 10 New Zealand and Australian urban obstetrical hospitals, authors found women with GDM using metformin (alone or with supplemental insulin in 46.3% of cases) not experiencing increased perinatal complications as compared with insulin and actually preferring metformin to insulin treatment. 49 The observed high proportion of doctors indicating women to take OHA in Mexico could be related to their lower price compared with insulin or to the preference for this type of treatment.
The prenatal tests performed in Mexico during pregnancy, such as the no stress test for all women suffering from GDM and the Doppler ultrasound only in specific high-risk cases, are consistent with available literature and guidelines from other countries. 
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Overall, the guidelines 41 seem partially implemented, which is reasonable given the short time since their introduction (November 2016). For example, the percentages of prenatal tests done are in line with recommendations, whereas OHA (metformin) is the most common pharmacological treatment when it should be insulin. Important to note is that across the country, the use of different diagnosis criteria and of four screening strategies reflects the lack of adoption of a coherent national strategy for GDM in Mexico.
Strengths and limitations
The strength of this study is the different point of view adopted. Previous studies reporting the incidence of GDM were either clinical studies or self-reported surveys filled by women; this is the first study reporting the perception of the health care professionals. For the same reason, it gives insight into the health care service provided in the GDM management and treatment and allows to compare official guidelines with reality to investigate how well these are implemented.
The main limitations of this study are as follows: 1) the self-reported nature of the survey, which may lead to recall bias or to an inaccurate representation of the results; 2) the sample, for its nonrepresentativeness of the country; 3) the possible misinterpretation of the defined population by the doctors (the questionnaire was asking for general population whereas guidelines tend to focus on women at risk, potentially creating in this latter case a small upward bias in the clinician-reported proportion); and 4) the lack of information on the precise diagnosis criteria/thresholds used.
Conclusion
The survey confirmed the expected incidence and gave insight into the particular and evolving practices for the treatment/ management of GDM in Mexico. Moreover, in our sample, only 40.6% of women managed to treat GDM with diet and exercise only, and the great majority relied on some form of pharmacological treatment, OHA (metformin) in particular, may be due to its price, relatively lower than insulin. More studies without the aforementioned limitations are encouraged to investigate this topic further and to better understand the importance of the monetary cost of GDM, currently underestimated. This evidence could support and provide rationale for harmonizing the health care service provided across the country and different health care systems.
